Summary: The internal thoracic artery (ATI) of rats was macroscopically studied. In this study, the overall features of the artery were virtually elucidated in entirety. The artery was found to arise from the subclavian artery in the thoracic cavity and to immediately break up into the following branches: (1) the pericardiacophrenic artery, (2) the superior epigastric artery, (3) the thymic branch, (4) the comitans branch to the brachiocephalic veins, and finally (5) the bronchoesophageal trunk.
The internal thoracic artery (ATI) of human beings renders its morphological interpretation not less difficult by its extensive and rather complicated distribution. This artery supplies not only the anterior wall of the upper body trunk and the diaphragm, but, after entering the cave of the thorax, also the parietal layer of the serosal investments of the thoracic viscera, and the structures located in the mediastina which include the thymus and lymphatic nodes as well. Furthermore, though inconstantly, it gives off branches to the bronchus, esophagus, thyroid gland and also to the upper limbs.
The ATI of rats concerned in this study is distributed much more extensively than it is in human beings. In this animal, the bronchus and esophagus, for example, are consistently supplied by branches from the ATI, and not by those of the intercostal arteries as is usually the case in humans. In addition, the wall of the greatest veins such as the brachiocephalic veins of both sides and the inferior caval vein, are supplied by this artery. Furthermore, the wall of the sinus venosus, a part of the right auricle and the right and left atria are vascularized by this artery.
While a few detailed reports are available which describe how the blood is supplied by this artery to local regions of the thoracic viscera, -e.g., the heart (Halpern, 1957) and thymus gland (Yamasaki, 1990) , the reports dealing with the general morphology of the ATI from the standpoint of macroscopic as well as developmental anatomy are very limited. Further studies have been needed to evaluate fully the morphological meanings of this artery in the anatomy of rats. The present study was therefore undertaken to provide a more detailed description of the overall features of the rat ATI in the hopes of obtaining a foothold for a better understanding not only of the rat ATI but of the ATI in human beings as well.
Materials and Methods
For the purpose of this investigations, 5 Wistar rats (3 females and 2 males, weighing between 250-300 gm) were used; the animals were anaesthetised with urethane (sodium ethylcarbamate, 900 mg/kg i.c.), and perfused through a catheter inserted retrogradely into the abdominal aorta at the level immediately below the origin of the renal artery. Outflow of perfusate was from the cut vena cava inferior below the diaphragm. Perfusion was commenced with 200 ml of normal saline containing heparin (10 IU/ml) and followed by 20 ml of normal saline containing ca. 1 percent of coloring matter (Poster color/Sakura), and finally with 400 ml of a 10 (v/v) percent formalin solution; the animals so perfused were postfixed in the same fixative about 2-3 days prior to dissection. During the dissection the materials were preserved in a 95 percent ethyl alcohol solution. The dissective procedures and observations of the anatomical details of the ATI were performed by using fine forceps (Watanabe/Yayoi) under a stereomicroscope (Zeiss) at a magnification of between 4 and 10 times. The working field was illuminated by two fiber optical goose neck lamps (Nikon). In the intervals between the dissections, the materials, when required, were photographed on Neopas (6.2 x 8.8 cm) films with Mamiya RB67 camera, and enlarged on projection papers (Hishicopy/Mitsubishi; 42.0 x 59.3 cm) to about 5-6 times the actual size, where each finding was noted. The findings in this study are based on the data recorded on a total of 10 photoprojection papers.
Findings
The morphology of the paired ATI were found in principle to be the same. Therefore, for the sake of simplicity, the following accounts will be given primarily for the right side, whilst descriptions of the left ATI will be confined to essential differences from those of the right side. The right ATI was found to arise from the subclavian artery ( Figs. 1 and 2 ). Not far from the origin of this artery, the ATI was found to be crossed by the phrenic nerve which coursed down in front of the artery from lateral to medial to enter the thorax cavity. The ATI accompanied this nerve, lying on the lateral side of the latter, and simultaneously behind the right subclavian vein (Fig. 2) , and reached the level of the confluence of the brachiocephalic and internal jugular vein (i.e., the venous angle). At this point, the ATI broke up into the following arteries; (1) pericardiacophrenic artery; (2) superior epigastric artery; (3) thymic branches; (4) comitans branch to the brachiocephalic vein; and (5) bronchoesophageal trunk.
Right pericardiacophrenic artery The pericardiacophrenic artery (APP) of rats constituted the principal division of the ATI, and continued the direction of the trunk of this artery (Fig. 2) ; it was located dorso-lateral to the brachiocephalic vein in contrast to the `comitans branch (of the ATI) to the brachiocephalic vein' mentioned below. Coursing downwards as far as the level of the sinus venosus of the heart, it gave off cardiac branches of fine caliber toward the parietal layer of the pericardium surrounding the sinus venosus (Fig. 2) . After quitting the sinus venosus, the artery accompanied the inferior caval vein and the phrenic nerve to reach the foramen venae cavae inferioris of the diaphragm. Passing through this foramen and having appeared in the abdominal cavity, the branch coursed downwards and dorsally along the inferior aspect of the diaphragm to reach its lumbar portion, and was joined by the inferior phrenic artery (not depicted). The morphological meanings of the course taken by this artery will be considered later in the text in connection with the pleuropericardial fold (see discussion).
Right superior epigastric artery
The superior epigastric artery, after issuing from the ATI, traversed in the superior mediastinum ventrally and slightly caudally around the lateral aspect of the right brachiocephalic vein, and then passing in the superior mediastinum, reached the ventral wall of the thorax (partly depicted in Fig. 1 was found to emit minute branches to supply the thymus glands which were located ventral to the aortic arch (not depicted). Right thymic branches The right thymic branches (R TH), which are well developed in rats, were found to issue from the ATI in common with the just mentioned superior epigastric artery, and coursed ventrally in the superior mediastinum to reach the thymus glands (Fig. 1) .
Right comitans branch of the brachiocephalic vein
The ATI of rats was found to issue the comitans branch to the brachiocephalic vein (RC VBD). As its name implies, the ATI traversed in accompanying the brachiocephalic vein, adhering to the ventral aspect of the latter (Fig. 1) , and emitting numerous minute branches to the wall of this vein as well as to the surrounding structures including the lymphatic nodes. When it reached the level of the right auricle, it coursed downwards in the groove, the sulcus terminalis between the auricle and the sinus venosus. The groove is comparatively much larger than in human beings, and demarcates the boundary between the right auricle and the sinus venosus (Fig. 2) . The comitans branch passed further downwards as far as the terminal portion of the inferior caval vein. Passing in this way, the comitans branch gave off other branches to the sinus venosus and in addition, to the adjoining portion of the right auricle by issuing branches towards the right auricle (Fig. 2) . Fig. 3 .
Semidiagrammatic representation to show specifically the course of the right internal thoracic artery and its branching .
Right bronchoesophageal trunk This bronchoesophageal trunk (T BE), in contrast to the just mentioned comitans branch to the brachiocephalic vein, coursed dorsal to this vein to reach the tracheal bifurcation, where it divided into two -the ascending and descending divisions (AS D , DS D; Figs. 1 and 3) . The ascending division pursued a recurrent course. Bending dorsally, and then passing upwards and slightly medially behind the right subclavian artery, and more importantly, accompanying the recurrent laryngeal nerve of the vagus nerve, it reached the side of the trachea (Figs. 1 and 3) . The ascending division was found to course upwards thereafter in the groove between the trachea and esophagus as far as the thyroid glands. The descending division coursed down, accompanying the trunk of the vagus nerve, and crossing the dorsal aspect of the tracheal bifurcation, to reach the ventral aspect of the lower portion of the esophagus (Fig. 3) ; hereafter it continued its downward course, and finally, having passed through the esophageal hiatus of the diaphragm, reached the abdominal portion of the esophagus.
The ATI of the left side
The ATI of the left side ( Fig. 1) , after arising from the subclavian artery, passed further down than did the ATI of the right side, winding from behind ventrally along the lateral aspect of the vein to reach the level of the aortic arch where the artery divided into the pericardiacophrenic artery, superior epigastric artery, thymic branches, comitans branch to the left brachiocephalic vein, and the bronchoesophageal trunk as is the case for the right ATI. Those of the left were found not to differ greatly in their main features from those of the right ATI; however the first and last two are worthy of note, due to their intimate relationship to the aortic arch and to the left brachiocephalic vein. They will be mentioned in brief.
Left pericardiacophrenic artery The left pericardiacophrenic artery (APP) was found to descend almost vertically in the thorax cavity, accompanying the left phrenic nerve, to reach the upper aspect of the diaphragm (Fig. 1) . After passing through a minute foramen for the nerve and artery, it reached the inferior aspect of the diaphragm. Because of the absence of a left inferior caval vein, there was no relationship found between the left pericardiacophrenic artery and this largest vein as was found on the right side (wide supra).
Comitans artery of the left brachiocephalic vein
It is very notable that in adult rats the left brachiocephalic vein was found functioning as the terminal drainage of the venous blood of the systemic blood circulation (Fig. 3) . the left comitans branch (RC VBS) coursed down along this functioning left brachiocephalic vein. It passed down dorsal to the left atrium and then to the lower portion of the right atrium to reach the inferior caval vein where it came together with branches of the right side. The artery supplied the wall of this vein as well as the sinus venosus, which is said to be covered with layered cardiac musculature.
Left bronchoesophageal trunk The bronchoesophageal trunk of the left side (T BE), in contrast to that of the right side, arose from the ATI, and wound from behind ventrally along the lateral and then the ventral aspect of the left brachiocephalic vein to reach the interval between the aortic arch and the left pulmonary artery, where it divided into an ascending and a descending divisions (Fig. 1) . The ascending division (AS D) wound below the aortic arch backwards from ventral to reach the side of the trachea, and ascended further in the groove between the trachea and the esophagus to supply branches to these structures. The descending division (DS D) coursed down on the ventral aspect of the left trachea just beyond the bifurcation to reach the side of the esophagus, and passed down as far as the abdominal portion of the esophagus (Fig. 3) . In this part of its course which was dorsal to the trachea, the descending branch issued a bronchial branch to the lung (not depicted).
Discussion
The principal aim of the present study was to elucidate the overall conformation of the ATI of rats, and especially to clarify the relationships of this artery its and branches distributed to the organs in the thoracic cavity.
General features of the ATI of rats
It was found that the ATI of rats supplied a much more extensive region than is the case for the corresponding arteries of humans. It supplied not only the parietal lamina of the pericardium, diaphragm, and the anterior abdominal wall, but also a variety of the thoracic as well as a part of the cervical viscera, including the thymic glands, trachea and bronchus, esophagus, the great vessels such as the brachiocephalic veins, and, notably, a portion of the heart. It has also been reported that the thyroid glands are supplied by this artery (Yamasaki, 1990) . All the branches given off from the ATI of rats are shown in Fig. 4 . The location of the branches presented in this figure have been conjectured by combining figures in the present study in conformity with the mammalian embryos; in this figure, the relationships between the ATI, together with the branches and the relevant structures such as the heart, lungs and the pleuropericardial fold, are emphasizec Our findings are in good agreement with the descrir tion of Hebel and Stromberg (1986) in respects to th gross features of the ATI. In their textbook, the featur( of the principal portions of the ATI were virtually mer tioned in entirety, referring also to the extracoronar artery which corresponds to the comitans branch to th brachiocephalic veins in the present report. It is hope( however, that in their table 1-1 in the textbook, thz extracoronary artery would be mentioned so that w could regard the appearance of this artery in rats, lik other branches in the table, as constant in appearanc(
Comparison of the bronchoesophageal trunk with th thyroid and inferior laryngeal artery of human beings
The ATI of rats, immediately after its origin fron the subclavian artery, crossed the side of the digestiv as well as the respiratory organs, which are locatel retrocardially (see Fig. 4 ). In view of this, it would no unexpected that the ATI is intimately concerned wit] supplying blood to these viscera. In fact, the ATI issuei a visceral trunk artery called the bronchoesophagea trunk to the esophagus and tracheobronchial trees However, in the anatomical textbook of laboratory rat edited by Hebel and Stromberg (1986) , differen opinions, both supporting and opposing the bilatera existence of the bronchoesophageal trunks were referred to. Based on our findings, it could be mentioned that the bilateral existence of this trunk artery is a consistant phenomenon, at least as concerns the species of rats used in this study, even though the courses taken by these trunk arteries on each side were found to be affected by the unilateral existence of the aortic arch. A common and essential feature of the bronchoesophageal trunk was, however, their remarkably intimate relationship with the vagus nerve and its major branch, the recurrent laryngeal nerve; it should be stressed that the bronchoesophageal trunk of the ATI together with its terminal, ascending and descending divisions, accompanied steadily the vagus nerve adhering to it. In analogy to the vagus nerve and branches of human beings, it would be reasonable to estimate that the ascending branch of the bronchoesophageal trunk might correspond to a portion which combines the stem of the inferior thyroid artery and the inferior laryngeal artery of human beings. Thus it seems better to attach great importance to such an intimate relationship of the inferior thyroid artery with the vagus nerve for a understanding of the morphological meanings of this artery of rats and also of human beings. Scheme to show the particular relationships of the internal thoracic artery with the vena cardinalis communis which in its later development becomes the brachiocephalic vein.
S. Mizukami and S. Tanaka
Comitans artery of the brachiocephalic veins The present study made it clear that the rat heart was dually supplied by the coronary and by the extracoronary artery, termed in this study `comitans branch to the brachiocephalic veins' due to its intimacy with the brachiocephalic veins. This finding is in good agreement with the reports by Halpern (1957) , who was the first person to report the dual supply of blood of the rat heart in great detail. Thus, to repeat a detailed description of the contribution of this comitans branch to the blood circulation of the wall of the heart seems superfluous, and beyond the scope of this study which has the primary purpose of elucidating the overall features of the ATI of rat. It should be briefly mentioned, however, that this comitans branch consistently, from its origin from ATI to its terminal distribution, coursed down, adhering to the paired brachiocephalic veins, emitting a great number of branches to this vein and thus, functioning as `vasa vasorum' as was reported by Halpern (1957) . In this connection, it is noteworthy that the walls of the paired brachiocephalic veins were found to be endowed with the cardiac musculature, a feature implying that the comitans branch might be involved not only in the nutrition of this vein, but also in the function of the heart by secreting some substances as exemplified by the atrial natriuretic peptide (Thompson et al. 1986; Larsen, 1988) .
In addition, the fact that the comitans branch of the ATI of rats accompany the paired brachiocephalic vein affords us a relevant foothold from which to consider the morphological meaning of this artery in rats and in human beings from the developmental view point (vide infra).
Morphological meaning of the ATI from the developmental view point.
In this study, it was also observed that the ATI of rats related topographically to the brachiocephalic vein and phrenic nerve; Developmentally, they are said to be importantly involved in the formation of the pleuropericardial fold which plays a key role in separating the pleural and the pericardial cavity, respectively. It is well known, as is shown in Fig. 4 , that the ATI courses exactly at the level of the pleuropericardial fold which includes the common cardinal veins (anticipator of the brachiocephalic veins concerned in this study) and the phrenic nerve. Thus, it cannot be overemphasized that the complexity of the features of the ATI of rats as well as of humans could be explained in connection with the developmental events involved in the formation of the pleuropericardial fold. In conclusion, for better understanding of the morphological meanings of the ATI, the intimacy of this artery with the pleuropericardial fold could be regarded as a key figure.
